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Abstract 
This paper explored individual, social, and built environmental attributes within and 
outside of the retirement village setting, and associations with various active living outcomes, 
including objectively-measured physical activity, specific walking behaviors, and social 
participation. Residents in Perth, Australia (n=323) were surveyed on environmental 
perceptions of the village and surrounding neighborhood, self-reported physical activity, and 
demographic characteristics, and wore accelerometers. Managers (n=32) were surveyed on 
village characteristics and objective neighborhood measures were generated in a Geographic 
Information System (GIS). Results indicated built and social environmental attributes within 
and outside of retirement villages were associated with active living among residents, 
however salient attributes varied depending on the specific outcome considered. Findings 
suggest that locating villages close to destinations is important for walking, and close to 
previous and familiar neighborhoods is important for social participation. Further 
understanding and consideration into retirement village designs that promote both walking 
and social participation are needed. 
Keywords: physical activity; walking; social participation; built environment; social 
support; neighborhood; older adults. 
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Exploring Social-Ecological Correlates of Active Living in Retirement Village Residents 
 
Substantial evidence supports the role of physical activity in reducing older adults’ 
risk of chronic disease (Heckman & McKelvie, 2008; Nelson et al., 2007), falls and fall-
related injuries (Chang et al., 2004), and mobility disability (Paterson, Jones, & Rice, 2007; 
Paterson & Warburton, 2010). Furthermore, physical activity is effective in promoting good 
mental well-being and cognition (Mummery, Schofield, & Caperchione, 2004; Van Uffelen, 
Paw, Hopman-Rock, & Van Mechelen, 2008; Windle, Hughes, Linck, Russell, & Woods, 
2010). Yet seniors remain the least physically active population group (Chodzko-Zajko et al., 
2009). Only one half of Australian seniors report engaging in the recommended 150 minutes 
or more of weekly moderate-intensity activity (Armstrong, Bauman, & Davies, 2000; Sims, 
Hill, Hunt, & Haralambous, 2010). While a study from the United States found that, when 
measured objectively, 2.4% of older Americans participate in sufficient amounts physical 
activity (Troiano et al., 2008). Therefore, effective interventions are needed to keep people 
active as they age. 
Attention is turning towards social-ecological frameworks to better understand factors 
influencing physical activity among older adults (Satariano & McAuley, 2003). These 
consider the combined interaction of individual factors, social and built environments, and 
public policies in influencing healthy behaviors (McLeroy, Bibeau, Steckler, & Glanz, 1988; 
Stokols, 1992). Interventions targeting multiple levels of influence are believed to be more 
effective at changing behaviors at the population level (Glanz, Rimer, & Viswanath, 2008; 
Sallis et al., 2006). However, a comprehensive understanding of multilevel factors associated 
with physical activity among older adults is needed (King, 2001). Examples of individual 
factors associated with less physical activity among seniors include greater age, lower 
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education levels, lower household income, lower self-rated health, and sex, with females less 
likely than males to be physically active (Brawley, Rejeski, & King, 2003; King & King, 
2010; Prohaska et al., 2006; Schutzer & Graves, 2004). Meanwhile, attributes of the social 
environment related to increased physical activity in older adults include: social network 
structure (Bertera, 2003; Litwin, 2003; McMurdo et al., 2012); having support from family 
and friends to be active (Booth, Owen, Bauman, Clavisi, & Leslie, 2000; Salvador, Florindo, 
Reis, & Costa, 2009; Shores, West, Theriault, & Davison, 2009; Wilcox, Bopp, Oberrecht, 
Kammermann, & McElmurray, 2003; Wilcox, Castro, King, Housemann, & Brownson, 
2000); and seeing others engaging in physical activity (Chad et al., 2005; Gallagher et al., 
2010; Inoue et al., 2011; King et al., 2000; Strath, Isaacs, & Greenwald, 2007; Wilcox et al., 
2000). Positive relationships have been reported in the literature between physical activity 
and built environmental features such as higher residential density, higher street connectivity, 
greater land-use mix, and presence and proximity to commercial destinations (Carlson et al., 
2012; Frank, Kerr, Rosenberg, & King, 2010a; King et al., 2011; Nagel, Carlson, Bosworth, 
& Michael, 2008), but to date the evidence-base is small and inconsistent (Van Cauwenberg 
et al., 2011). Thus, better understanding is needed on how neighborhood built environmental 
characteristics relate to physical activity in older people. 
Housing options within the neighborhood that are available to older adults include 
congregate housing facilities like retirement villages. In Australia, the term ‘retirement 
village’ encompasses a wide range of housing forms and arrangements whereby seniors live 
independently, have various support services provided, and have increased opportunities for 
social engagement (Jones, Howe, Tilse, Barlett, & Stimson, 2010). A small but increasing 
proportion of the older adult population is moving into retirement villages and similar living 
contexts (Stimson & McCrea, 2004). A paucity of research has focused on healthy behavior 
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within these living environments, with just a few studies reporting residents’ physical activity 
as being related to built and social environmental attributes similar to those reported for 
community-dwelling older adults’ physical activity (Joseph & Zimring, 2007; Joseph, 
Zimring, Harris-Kojetin, & Kiefer, 2005; Kerr et al., 2011). Nevertheless, no studies have 
concurrently considered attributes of the environment within and surrounding the retirement 
village setting. 
Formative qualitative research was undertaken for this study regarding built and 
social environmental influences on active living among residents of retirement villages using 
focus groups (Nathan, Wood, & Giles-Corti, 2012a). Participants described their 
interpretation of ‘active living’, their retirement village, and their neighborhood. Thematic 
analysis revealed active living to be inclusive of social and cognitive activity alongside 
physical activity, and also involved actively engaging with the wider community. Salient 
environmental attributes emerging as factors associated with residents’ active living included: 
a positive social environment within the retirement village; the availability of services and 
facilities within the retirement village and in the wider neighborhood environment; and the 
presence of suitable pedestrian infrastructure again within the retirement village and wider 
neighborhood environment. Findings highlighted that environmental attributes of both the 
retirement village environment and surrounding neighborhood environment were pertinent 
for residents’ active living, suggesting that both environments warrant further consideration. 
Based on these findings, variables for further quantification were identified and a survey 
instrument developed (Bryman, 2006; Creswell, 2009). 
Using a social-ecological framework, the aim of this paper is to examine individual, 
social, and built environmental attributes within and outside of retirement villages and 
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associations with active living as defined by residents in the study (i.e., physical activity and 
social participation). 
Methods 
This study was conducted in Western Australia’s Perth metropolitan and Peel regions, 
with data collected between July and December 2009. Study recruitment and data collection 
procedures have been reported elsewhere (Nathan, Wood, & Giles-Corti, 2012b). In brief, 32 
retirement villages were systematically sampled from a sampling frame stratified by higher 
and lower neighborhood walkability scores (Christian et al., 2011; Frank et al., 2010b). 
Following the recruitment of retirement villages, residents were approached using various 
methods; these included invitation letters sent to randomly selected residents, residents 
volunteering in response to an invitation from village management, and briefing sessions. 
Overall, 325 residents provided written consent to participate in the study, and the response 
rate was 46.0% for those participants who were randomly selected. The University of 
Western Australia’s Human Research Ethics Committee granted ethical approval. 
Residents completed a comprehensive questionnaire on perceptions of the village and 
neighborhood environment, self-reported physical activity, and socio-demographics within a 
group setting in a communal area of the retirement village. They also wore an accelerometer 
to objectively monitor physical activity for seven days. A brief questionnaire on retirement 
village characteristics was completed by village management, and Geographic Information 
Systems (GIS) was used to generate objective environmental measures. 
Dependent Variables – Active Living 
In the qualitative research phase, retirement village residents interpreted active living 
as including physical, social, and cognitive activity, and engagement with the community 
(Nathan, 2012). Moreover, they reported walking as the most popular mode of physical 
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activity undertaken. Objective assessment of physical activity using accelerometers has been 
suggested as a way to overcome the inherent limitations of self-reported physical activity 
measures (Colbert, Matthews, Havighurst, Kim, & Schoeller, 2011; Murphy, 2009). Thus, 
five outcome measures were considered in this exploratory study: objectively measured 
moderate-to-vigorous physical activity (MVPA); self-reported walking (distinguishing 
between brisk, leisure, and transport); and social participation. 
MVPA. Actigraph GT1M accelerometers, initialized to collect data in one minute 
epochs, were used to objectively measure physical activity in 313 participants (response rate 
96.3%). Instructions and scoring procedures have been previously reported (Nathan, 2012). 
Mean minutes per valid wearing day (i.e., ten or more hours of no more than 45 minutes of 
consecutive zero counts) were scored for MVPA (≥1,952 counts per minute), multiplied by 
seven to estimate weekly minutes, then dichotomized as ‘less MVPA’ (i.e., <150 minutes per 
week) and ‘more MVPA’ (i.e., ≥150 minutes per week) to correspond with physical activity 
recommendations (Nelson et al., 2007; Sims et al., 2010). 
Walking. We assessed self-reported physical activity using the reliable and valid 
Community Healthy Activities Model Program for Seniors (CHAMPS) instrument (Cyarto, 
Marshall, Dickinson, & Brown, 2006; Hekler et al., 2012; Stewart et al., 2001). Single items 
for three specific walking behaviors were dichotomized as: ‘less brisk walking’ (i.e., <150 
minutes per week) and ‘more brisk walking’ (i.e., ≥150 minutes per week); ‘less leisure 
walking’ (i.e., <150 minutes per week) and ‘more leisure walking’ (i.e., ≥150 minutes per 
week); and ‘less transport walking’ (i.e., <60 minutes per week) and ‘more transport walking’ 
(i.e., ≥60 minutes per week). 
Social participation. To minimize socially desirable responses, the CHAMPS 
questionnaire also includes non-physical activity items (Stewart et al., 2001). Eleven of these 
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items were used to create a social participation index: visit with friends or family; attend 
activities or events in the village activity center; shopping; restaurant, pub or café activities; 
volunteer work; senior citizens center or club attendance; other club or group meetings 
attendance or participation; evening or other education class or course participation; sports or 
cultural event attendance; public library or cultural center attendance; and play cards, bingo 
or board games with other people. Each item was coded as ‘0’ if never done in the past 
month, ‘0.5’ if done less than once a week, ‘1’ if done one or two times/week, or ‘2’ if done 
three or more times/week, and summed to produce a score ranging from 0-22. Scores were 
then dichotomized as: ‘less social participation’ (i.e., <75th percentile of scores) and ‘more 
social participation’ (i.e., ≥75th percentile of scores). 
Independent Variables – Social-ecological Factors 
In line with qualitative findings indicating both the village and neighborhood 
environments to be important for active living, social-ecological factors considered here were 
conceptualized within three domains (i.e., factors outside the village, factors within the 
village, and individual factors) (Nathan et al., 2012a). These are detailed in Table 1, and the 
sub-domains are described below. 
Descriptive characteristics. Factors describing characteristics of the local area 
outside the village were sourced from 2006 Australian Bureau of Statistics (ABS) Census 
data and included local area age structure and socio-economic status. 
Descriptive characteristics of retirement villages were mainly sourced the village 
questionnaire (e.g., operation time), though site area was manually digitized using ArcMap 
10 software. 
Built environment. Both objective and perceived environmental measures have been 
shown to be associated with active living (Boehmer, Hoehner, Wyrwich, Brennan Ramirez, 
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& Brownson, 2006; Gebel, Bauman, & Owen, 2009; Kirtland et al., 2003; McGinn, Evenson, 
Herring, Huston, & Rodriguez, 2007), and non-concordance has been shown to be more 
common among older people (Arvidsson, Kawakami, Ohlsson, & Sundquist, 2012). Thus, 
both objective and perceived environmental attributes were considered in the present study. 
Objective data sources included GIS and the village manager questionnaire. Within 
the resident questionnaire, neighborhood environmental perceptions were measured with sub-
scales from the reliable and valid Neighborhood Environment Walkability Scale abbreviated 
form (NEWS-A) (Cerin et al., 2011; Cerin, Leslie, Owen, & Bauman, 2008; Cerin, Saelens, 
Sallis, & Frank, 2006). Single items from this instrument were adapted to be more specific to 
the retirement village context, and underwent principal components analysis to produce six 
sub-scales assessing village environment perceptions (Nathan et al., 2012b). 
Social environment. Amount of social support for physical activity received from 
family, friends living outside the retirement village, and other village residents were 
measured using valid and reliable items (Hovell et al., 1989; Sallis, Grossman, Pinski, 
Patterson, & Nadar, 1987), while amount of general social support received from people 
living outside and inside the village distinguished between instrumental, emotional, and 
informational social support (Wills & Shinar, 2000). 
Self-selection. Principal component analysis performed on 17 items rated on 
importance when participants moved into the retirement village produced four sub-scales to 
assess residential self-selection factors (Nathan et al., 2012b). 
Residency and mobility factors. Residency factors were reported within the resident 
questionnaire, and included: duration of village residency (in years); and previous suburb of 
residence (which was used to approximate distance relocated). Two mobility factors were 
considered: car access; and frequency of travelling outside the retirement village. 
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Covariates 
Four covariates were considered, including self-reported age, sex, and the Medical 
Outcomes Study (MOS) physical functioning measure (10 item scored 0-100 scale, with 
higher scores indicating less health-related limitations to physical activity) (Stewart et al., 
2001). Finally, the sampling method used to recruit each study participant during data 
collection (i.e., residents selected randomly and invited to participate vs. residents selected by 
convenience sampling methods). This aimed to overcome potential limits to internal validity. 
Statistical Analysis 
Generalized Estimating Equations regression models with an exchangeable 
correlation structure were used to fit each of the five outcomes of interest, whilst adjusting for 
village-level clustering effects. Models also adjusted study covariates. Single factor models 
identified the social-ecological variables associated with each active living outcome at p<.1, 
which were then modeled in a series of backwards elimination procedures according to 
domain. Those remaining significant at p<.05 were fitted in multiple logistic regression 
models for each of the study outcomes, by increasing proximity (i.e., factors outside the 
village, factors inside the village, individual factors). Analyses were conducted using SPSS 
Statistics 19. 
Results 
Overall, 323 participants provided sufficient questionnaire data for analyses involving 
the four active living outcomes (i.e., brisk, leisure, and transport walking, and social 
participation), while 288 participants had sufficient valid accelerometer data for analyses 
involving the MVPA outcome. 
Residents’ age ranged from 53-94 years (mean 76.9, SD 7.3) and 68.0% were female 
(see Table 2). Physical functioning levels were fairly high with an average score of 80.8 (SD 
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16.0). Overall, mean weekly minutes of objectively-measured MVPA was 109.9 (SD 116.3), 
with 27.1% achieving more MVPA (i.e., ≥150 minutes per week). Approximately 19.2%, 
31.3%, and 38.1% of residents engaged in more weekly brisk, leisure, and transport walking 
respectively. Social participation scores ranged from 1.5 to 14.0, with an average of 7.3 (SD 
2.5), and 28.2% engaged in more social activity. 
MVPA 
For the 288 participants with valid accelerometer data, five factors outside the village 
(distances to local shop, health service, entertainment facility, public transport, and public 
recreation area), four factors inside the village (onsite aged care facility, weekly operating 
fee, site area, recreational facilities), and no individual factors in the single factor models met 
the criterion for consideration in the next phase. Following the backwards stepwise 
elimination procedures, three variables were selected for inclusion in the multivariate model 
(see Table 3). 
The only factor outside the village significantly associated with more MVPA was 
distance to local shop (Model 1). The further away the nearest local shop was, the less likely 
residents were to achieve more MVPA (OR .67, 95% CI .50-.90). However, this attenuated in 
Model 2 and was no longer significant when factors inside the village were included in the 
model. Compared with smaller villages, residents living in larger villages were 0.73 times 
less likely to do more MVPA (95% CI .56-.96). Village operating fee was positively 
associated with more MVPA; a $10 per week increase in ongoing operation fee changed the 
odds of MVPA by 1.03 (95% CI 1.01-1.05). No individual factors were related to residents 
participating in more MVPA. 
Brisk Walking 
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Three factors outside the village (distances to health service and public transport, 
infrastructure for walking), two factors inside the village (aesthetics, personal safety), and 
one individual factor (duration of village residency) were significantly associated with brisk 
walking in the single factor models. Following the backwards stepwise elimination 
procedures, two variables were included in the multivariate model (see Table 3). 
The only factor outside the village significantly associated with the odds of more 
brisk walking was distance to the nearest public transport service (Model 1). The further 
away the nearest public transport service was, the less likely residents engaged in more brisk 
walking (OR .81, 95% CI .70-.94), and this remained significant after adjustment in Model 2 
(OR .82, 95% CI .71-.94). Contrary to expectations, for every one unit increase in positive 
perceptions of personal safety within the village, the odds of brisk walking were 
approximately halved (95% CI .27-.95). No individual factors were related to the odds of 
more brisk walking. 
Leisure Walking 
In the single factor models, six factors outside the village (distance to supermarket 
and entertainment facilities, traffic volume exposure, family social support for physical 
activity, aesthetics, fewer physical barriers), four factors inside the village (onsite aged care 
facility, weekly operating fee, site area, aesthetics), and three individual factors (distance 
relocated, village structure preference, neighborhood amenity preference) met the criterion 
for consideration in the multivariate model. Following the backwards stepwise elimination 
procedures, nine variables were selected (see Table 3). 
In Model 1, factors outside the village positively related to the odds of more leisure 
walking included further distance to nearest supermarket, higher traffic volume exposure, 
more social support for physical activity received from family members, and positive 
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perceptions of neighborhood aesthetics. These all remained significant with progressive 
adjustment. Residents living in villages co-located with an onsite aged care facility were 0.66 
times less likely to engage in more leisure walking (95% CI .44-.98), compared with those 
without an onsite aged care facility (Model 2). Meanwhile, higher village operating fee’s (OR 
1.03, 95% CI 1.01-1.05) and having more positive perceptions of village aesthetics (OR 1.62, 
95% CI 1.04-2.51) were both positively associated with more leisure walking. With the 
addition of individual factors in Model 3, only village operating fee remained significant (OR 
1.03, 95% CI 1.01-1.05). No individual factors were related to engaging in more leisure 
walking per week. 
Transport Walking 
Nine factors outside the village (distance to local shop, supermarket, health service, 
and public transport, traffic volume exposure, walkability, family social support for physical 
activity, access to services, proximate destinations), two factors inside the village (onsite 
aged care facility, site area), and two individual factors (distance relocated, access to car) 
were significant in the single factor models for transport walking. These underwent a series 
of backwards stepwise elimination procedures, resulting in the inclusion of four variables in 
the multivariate model (see Table 3). 
In Model 1, higher exposure to traffic volume was positively associated with the odds 
of more transport walking (OR 1.46, 95% CI 1.13-1.88), however this attenuated in 
subsequent models. Perceiving neighborhood destinations to be more proximate was 
significantly associated with more transport walking (OR 1.71, 95% CI 1.32-2.22), and 
remained so across all models (OR 1.66, 95% CI 1.33-2.08; OR 1.65, 95% CI 1.31-2.09). In 
Model 2, the odds of transport walking reduced by 0.73 for residents living in larger sized 
villages than smaller (95% CI .56-.96), and remained significant with the inclusion of 
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individual factors in Model 3 (OR .74, 95% CI .57-.97). Also in Model 3, compared with 
those who always had access to a car, residents who did not were 2.04 times more likely to 
engage in more transport walking (95% CI 1.02-4.09). 
Social Participation 
In the single factor models, six factors outside the village (age structure, distance to 
public recreation area, instrumental social support, emotional social support, informational 
social support, fewer physical barriers), six factors inside the village (living units, amenities, 
recreational facilities, informational social support, infrastructure for walking, safety from 
traffic), and five individual factors (duration of village residency, distance relocated, access 
to car, village amenity preference, neighborhood amenity preference) met the criterion for the 
backwards stepwise elimination procedures. Following this, eight variables were included in 
the multivariate model (see Table 3). 
In Model 1, residents living in villages that were located in neighborhoods with higher 
proportions of adults aged 55 years and over were more socially active (OR 1.01, 95% CI 
1.00-1.02). However, this attenuated in Models 2 and 3. Also in Model 1, residents who 
received more emotional social support outside the village and perceived fewer physical 
barriers in the neighborhood, engaged in more social participation, and this remained so 
across all models. In Model 2, a higher score for village amenity was positively associated 
with more social participation.  For every increase in village amenity service available, the 
odds of social participation increased to 1.12 after full adjustment in Model 3 (95% CI 1.02-
1.25). Independent of study covariates (i.e., age, sex, physical functioning, and sampling 
method), residents who had lived in their village for longer were less likely to engage in 
social participation (OR .94, 95% CI .88-.99), while the odds increased for residents with a 
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greater preference for neighborhood amenity prior to relocating to the village (OR 1.91, 95% 
CI 1.30-2.81). 
Discussion 
This study examined social-ecological correlates of retirement village residents’ 
active living, which for this study included both physical activities and social participation. It 
considered factors both within and outside of the retirement village context. In general, we 
found that built and social environmental attributes both outside (i.e., neighborhood) and 
within villages were associated with residents’ active living. More specifically, salient 
attributes varied depending on the specific active living outcome examined highlighting the 
importance of context-specific measures of the built environment for different behavioral 
outcomes. 
Overall, proximity to destinations were identified as important correlates of active 
living behavior, consistent with those reported in other studies of community-dwelling older 
adults (Cao, Mokhtarian, & Handy, 2010; King, 2008; Michael, Beard, Choi, Farquhar, & 
Carlson, 2006; Nagel et al., 2008; Rodriguez, Evenson, Roux, & Brines, 2009; Shigematsu et 
al., 2009). Notably, we found differences between perceived and objective measures of 
neighborhood destinations, according to the specific physical activity behavior under 
investigation. Perceiving more proximate destinations was positively related to more 
transport walking. It is plausible that the perception of distance is more important for 
transport walking than other activities, because it may involve the purchase of goods and 
shopping to carry home. Older adults may have less muscle strength to enable them to do this 
comfortably (Chodzko-Zajko et al., 2009). On the other hand, having to walk further to 
utilitarian destinations such as public transport and local shops, when measured objectively, 
significantly reduced the odds of ≥150 minutes per week of both brisk walking and objective 
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MVPA. As objective distance increased, residents were less likely to meet the recommended 
amounts of physical activity, at the required intensities, to benefit health and well-being 
(Nelson et al., 2007; Sims et al., 2010). In sum, objective and perceived distance to 
destinations were both found to be important in this study, but had different effects on 
different types of active living outcomes. While perceptions were important for transport 
walking, objective distance was also important for achieving sufficient amounts of physical 
activity at an acceptable intensity to confer health benefits. This highlights the importance of 
co-locating retirement housing with these amenities required for daily living. 
Counter-intuitively, we found that further distance to the supermarket increased the 
odds of more leisure walking. A number of potential explanations are plausible. For example, 
older adults may regard the walk to the supermarket as a leisurely outing. It could be that 
because older adults tend to ‘stroll’ more than younger people (Cao et al., 2010), time may 
also be less of a barrier to walking (Strath et al., 2007). Indeed, some older people may prefer 
to walk at a leisurely pace to places that are located further away in distance. Another 
plausible explanation is that because our sample appeared to live further away from 
supermarkets than any other destination considered in the study (average distance of 1.6 
kilometers), the immediate environment may have been more conducive to leisure walking, 
e.g., a more ‘leafy’ and ‘green’ local area. We also found that residents who perceived the 
neighborhood environment to be more aesthetically pleasing (i.e., having more trees, 
greenery, and pleasant natural features) were more likely to engage in more leisure walking. 
This is congruent with other research linking neighborhood aesthetics with walking (Inoue et 
al., 2011; Shigematsu et al., 2009; Sugiyama & Ward Thompson, 2008). It could also be that 
because people live further away from the supermarket, this contributes to making the 
immediate neighborhood environment more pleasant and walkable. For example, it is likely 
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that the streets surrounding supermarkets carry heavy traffic volumes, and older adults often 
report traffic as a barrier to their walking (Grant, Edwards, Sveistrup, Andrew, & Egan, 2010; 
Strath et al., 2007). Thus, living further away from a supermarket may enhance opportunities 
to walk locally. These findings raise questions as to how various types of active living are 
impacted by proximity to specific types of neighborhood destinations and the design of 
surrounding streets in terms of aesthetics and traffic, which warrant further investigation. 
Certain environmental aspects within the retirement village appeared to discourage 
physical activity in our sample. Residents with higher perceptions of personal safety (that is, 
perceiving the village environment to be safe for walking, well lit at night, having no 
obstacles or bushes blocking walking paths, and seeing many people when walking) were less 
likely to engage in ≥150 minutes per week of brisk walking. It could be that residents who 
feel safe only walk within the confines of their village rather than venturing outside into the 
surrounding neighborhood environment. This may reduce distances travelled. For example, 
others have similarly noted that seniors who leave the retirement community environment 
accumulate more incidental activity, and having too many destinations on campus reduces the 
need to leave (Kerr et al., 2011). Nevertheless, we also found that having more amenities 
within the village was positively associated with more social participation. This is consistent 
with Levasseur et al. (2011), who reported closer perceived proximity to neighborhood 
resources as being associated with greater social participation. Overall, our findings suggest 
that the same environmental feature can impact health-enhancing behaviors in opposing 
directions. This highlights the need for careful consideration of findings in order to optimize 
health outcomes in residents, and also the need for more research before firm conclusions are 
drawn. 
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Notably, we found that residents relocating from a distance further away had 
decreased odds of social participation. This suggests the importance of older people having 
options to move to local complexes, as relocating to villages further away may disrupt 
established social networks. One case study highlighted that while the village environment 
increased opportunities for friendship, many residents retained their strongest social ties with 
friends living outside of the retirement village (McDonald, 1997). Indeed in our study, 
residents who placed a greater importance on moving to a village in a familiar neighborhood 
that was close to family and friends also had greater social participation, highlighting the 
importance of opportunities to age-in-place. Moreover, this was the only self-selection factor 
found to be significant, and suggests that the surrounding neighborhood environment 
continues to be important for social participation even when moving into a retirement village 
– an environment thought to enhance social relationships (Buys, 2001; Clark & McCann, 
2003). In addition, we found that living in a retirement village for longer was negatively 
related to social participation, independent of age and physical functioning. There may be 
some plausible explanations for this. For example, it could be that those who relocate into 
retirement villages do so as a response to deteriorating health concerns and reduced physical 
function capabilities (Stimson & McCrea, 2004). However, it could also be that relocation 
results in residents constraining their active living activities if, for example, relationships 
become strained over time (Gardner, Browning, & Kendig, 2005). Disentangling these 
associations requires further research that would benefit from longitudinal designs. 
Overall, our findings were mostly modest; however some potential considerations for 
policy and practice emerged, and warrant reflection. For example, findings suggest that the 
location of retirement villages is important. Consistent with findings related to community-
dwelling older adults, to support physical activity opportunities retirement villages need to be 
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located in well-serviced neighborhoods with destinations and public transport within a 
walkable distance, as perceived by older people. While further investigation is needed to 
examine exactly how much residents walk within and outside retirement villages, it is 
plausible that for residents to undertake sufficient amounts of walking to meet physical 
activity recommendations, they may need to walk beyond the village environment and into 
local neighborhood areas. Additionally, study findings imply that villages with proximate 
destinations and public transport may enhance the mobility and accessibility of residents who 
are no longer able to drive through increased walking. Our findings also lend support to the 
notion that locating villages within existing suburbs, close to where older people presently 
reside, rather than on the urban fringe, is beneficial. Specifically, this would reduce relocation 
distances and help residents retain social participation with their existing friends, neighbors, 
and family members. While study findings were promising, more evidence is needed from 
research considering both village and neighborhood environments and associations with 
active living among residents. 
Study Limitations and Strengths 
The study had a number of limitations to consider when interpreting its overall 
findings. First, the cross-sectional study design limits causality from being inferred, thus 
results need to be interpreted as correlates and not determinants. Second, other individual 
behavioral factors – for example, attitudes, intentions, skills, self-efficacy, and subjective 
norms – warrant inclusion in attempts to understand the relative influence of social-ecological 
correlates on active living. Also, no consensus exists on the most appropriate accelerometer 
cut points or data reduction procedures to use when assessing levels of physical activity 
among older adults. 
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A further limitation was the multiple recruitment methods employed in the study. 
While participant recruitment is often recognized as being difficult when researching older 
people, it is possible that the additional ‘gatekeeper’ role involving village management 
compounded this further in this study. It was often in response to concerns raised by 
management that recruitment techniques had to be altered, and it was usually because 
management did not want to be seen as ‘in charge’ of residents who were living 
independently. In hindsight, a more effective approach to participant recruitment may have 
been to involve members of the village residents’ committee as ‘gatekeepers’ instead of 
village management. 
Scant policy attention has been directed towards the Australian retirement village 
industry, and as such, no standardized data on retirement villages or village residents exists 
(Jones et al., 2010), making it impossible to examine how representative our sample is of the 
study population. While statistical analyses adjusted for the effects of recruitment method, it 
is possible that results are limited in generalizability. For example, our sample was fairly high 
functioning in terms of physical health compared with other studies using the same MOS 
measure of physical functioning among residents of senior housing contexts similar in nature 
to retirement villages (Cress, Orini, & Kinsler, 2011; Jenkins, Pienta, & Horgas, 2002; 
Kingston, Bernard, Biggs, & Nettleton, 2001). Moreover, it must be noted that study 
participants were retirement village residents, thus findings are not necessarily generalizable 
to community-dwelling older adults. 
Notwithstanding these limitations, the study also had a number of strengths. The use 
of qualitative findings to guide the conceptual framework and choice of independent 
variables adds to the validity of the overall results and provides a more comprehensive 
understanding of environmental factors. Second, framing the study within a social-ecological 
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model allowed multiple levels and factors to be examined, thus results have the potential to 
effectively inform multilevel interventions (Glanz et al., 2008; Sallis et al., 2006). Third, the 
study was further strengthened by its combined use of self-reported and objective measures 
of physical activity, ensuring a more accurate and specific assessment of behavior (Harris, 
2009), and the combined use of perceived and objective environmental measures at 
corresponding geographical scales, further ensuring greater context specificity (Giles-Corti, 
Timperio, Bull, & Pikora, 2005). Finally, the concurrent examination of the retirement village 
environment alongside that of the surrounding neighborhood better reflects the spatial 
movement of residents in daily living, and has rarely been considered together in past studies. 
Conclusion 
Designing environments to keep people physically active as they age is of increasing 
relevance given an aging population. Yet more evidence is needed to inform the development 
of physical activity interventions. This exploratory study showed that varying aspects of 
retirement village and neighborhood environments influence different forms of residents’ 
active living. Thus, both the design of the village and neighborhood surrounds warrant 
consideration. Locating retirement villages in amenity-rich neighborhoods with good access 
to destinations and public transport appeared important for physical activity, while the 
location of villages within familiar, existing suburbs that reduce distance relocated was 
important for social participation. Further research and careful consideration are warranted 
into retirement village and neighborhood design and village locations, which maximize 
walking and physical activity, while at the same time, maximize opportunities for social 
participation. 
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Table 1 
Description of Social-Ecological Measures Examined 
Domain Construct Data source Variable coding Mean SD or % 
Factors outside village      
Local area characteristics Age structure a ABS Continuous measure 49.5 21.2 
 Socio-economic status b ABS Continuous measure 5.3 2.2 
Objective built environment Distance to local shop c GIS Continuous measure .9 .7 
 Distance to supermarket c GIS Continuous measure 1.6 1.7 
 Distance to health service c GIS Continuous measure 1.0 1.6 
 Distance to entertainment facility c GIS Continuous measure 1.3 1.6 
 Distance to public transport c GIS Continuous measure .4 1.0 
 Distance to public recreation area c GIS Continuous measure .2 .1 
 Traffic volume exposure d GIS Continuous measure .7 .6 
 Slope e GIS Continuous measure 1.2 .5 
 Walkability f GIS Continuous measure -.1 1.7 
Social environment Instrumental social support RQ Mean score (2 items)g .9 .7 
 Emotional social support RQ Mean score (2 items)g 1.1 .7 
 Informational social support RQ Mean score (2 items)g 1.0 .8 
 Family social support for PA  RQ Sum score (2 items)h 1.7 1.9 
 Friend social support for PA  RQ Sum score (2 items)h 1.3 1.7 
Perceived built environment Access to services RQ Mean score (3 items)i 3.7 .7 
 Proximate destinations RQ Mean score (10 items)j 2.8 .9 
 Infrastructure for walking RQ Mean score (4 items)i 3.4 .5 
 Aesthetics RQ Mean score (4 items)i 3.6 .6 
 Safety from crime RQ Mean score (3 items)i 3.2 .7 
 Safety from traffic RQ Mean score (3 items)i 2.8 .6 
 Fewer physical barriers RQ Mean score (2 items)i 3.5 .9 
Factors inside village      
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Village characteristics Operation time (years) VQ Continuous measure 14.2 10.0 
 Living units (count) VQ Continuous measure 119.7 74.3 
 Onsite aged care facility VQ Absent  57.0 
   Present  43.0 
 Operating fee ($10/week) k VQ Continuous measure 8.9 5.6 
 Site area (m2) GIS <75th percentile  74.9 
   ≥75th percentile  25.1 
Objective built environment Clubhouse VQ Absent  20.7 
   Present  79.3 
 Amenities VQ Sum score (11 items)l 4.9 2.8 
 Recreational facilities VQ Sum score (5 items)m 2.1 1.5 
Social environment Instrumental social support RQ Score (1 item)g 1.4 1.2 
 Emotional social support RQ Score (1 item)g 1.4 1.1 
 Informational social support RQ Score (1 item)g 1.4 1.1 
 Resident social support for PA RQ Sum score (2 items)h 1.9 2.0 
Perceived built environment Access to activity center RQ Mean score (3 items)i 3.9 .7 
 Infrastructure for walking RQ Mean score (6 items)i 3.8 .7 
 Aesthetics RQ Mean score (4 items)i 3.7 .6 
 Personal safety RQ Mean score (5 items)i 4.0 .5 
 Safety from traffic RQ Mean score (3 items)i 3.1 .8 
 Even gradient RQ Mean score (3 items)i 3.8 .8 
Individual factors      
Residency factors Duration of village residency (years) RQ Continuous measure 5.6 4.6 
 Distance relocated RQ Same/border suburb  27.6 
   Further  72.4 
Self-selection factors Village structure preference RQ Mean score (3 items)n 3.5 .9 
 Village amenity preference RQ Mean score (3 items)n 3.7 .9 
 Village walkability preference RQ Mean score (2 items)n 3.3 1.3 
 Neighborhood amenity preference RQ Mean score (4 items)n 3.6 .9 
Mobility factors Access to car RQ Always  76.5 
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   Not always  23.5 
 Frequency of travelling outside village RQ Weekly or less  6.2 
   Few times a week  43.0 
   Daily  50.8 
Notes: SD=Standard Deviation. ABS=Australian Bureau of Statistics. GIS=Geographic Information Systems. RQ=Resident Questionnaire. 
VQ=Village Questionnaire. PA=Physical Activity.  
a Proportion of people aged ≥55 years for Census Collector District that retirement village is located in; a higher proportion indicates a local area 
with more older people living within it. b Index of Relative Socio-economic Advantage and Disadvantage decile for Census Collector District 
that retirement village is located in; a higher decile indicates a local area with a relative lack of disadvantage and greater advantage in general. c 
Distance in kilometers along the street network to the nearest destination type. d Ratio of higher volume street length in kilometers by access 
street length in kilometers within 400 meter service area; a greater ratio indicates a service area with relatively higher traffic volume exposure. e 
Standard deviation of digital elevation percentage within 400 meter service area; a higher value indicates a relatively more hilly, less level 
service area. f Score consists of z-scores for residential density, street connectivity, and land-use mix measures within 400 meter service area 
summed; a higher score indicates a service area relatively more conducive to walking. g Rated on a six-point scale: no people, 1-5 people, 6-10 
people, 11-15 people, 16-20 people, more than 20 people. h Scored as ‘0’ if never, ‘1’ if less than once a month, ‘2’ if at least once a month, ‘3’ if 
one or two times a week, ‘4’ if three or more times a week, and summed. i Rated on a five-point scale: strongly disagree, disagree, neither agree 
nor disagree, agree, strongly agree. j Rated on a five-point scale: less than 5 minute walk, 5-10 minute walk, 11-15 minute walk, 16-20 minute 
walk, more than 20 minute walk. k Ongoing operation cost charged to residents to fund village maintenance/upkeep and support services. l Score 
consists of items on presence of gymnasium, bowling green, swimming pool, golf course, and tennis courts summed. m Score consists of items 
on presence of convenience store, banking facilities, postal facilities, library, dining area, theatre or cinema, hairdresser, pharmacy services, 
doctor, other health services, and transport services summed. n Rated on a five-point scale: not at all important, not important, somewhat 
important, important, very important. 
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Table 2 
Description of Resident Socio-demographic Characteristics 
Socio-demographic characteristic n Mean SD or % 
Age (years) 323 76.9 7.3 
Physical functioning (score, range 0-100) 323 80.8 16.0 
Sex (%): Male 103  31.9 
   Female 220  68.1 
Education level (%): Secondary or less 154  47.7 
   Trade/Certificate 133  41.2 
   Bachelor or higher 36  11.1 
Marital status (%): Married 171  52.9 
   Not married 152  47.1 
Employment status (%): Not retired 54  16.7 
   Retired 269  83.3 
Sampling method (%): Random 129  39.9 
   Convenience 194  60.1 
Notes: SD=Standard Deviation. 
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Table 3 
Multiple Logistic Regression Models Examining Social-Ecological Correlates of Different Types of Active Living Outcomes 
Variable Model 1 (only factors outside village) 
Model 2 
(model 1 + factors inside village) 
Model 3  
(model 2 + individual factors) 
 OR 95% CI p OR 95% CI p OR 95% CI p 
More MVPAa             
Distance to local shop .67 .50 .90 .007 .74 .54 1.00 .054     
Site area (m2): <75th percentile     1.00        
   ≥75th percentile     .41 .19 .90 .025     
Operating fee ($10/week)     1.03 1.01 1.05 .005     
More brisk walkingb             
Distance to public transport  .81 .70 .94 .005 .82 .71 .94 .005     
Personal safety     .51 .27 .95 .035     
More leisure walkingc             
Distance to supermarket 1.18 1.06 1.31 .003 1.15 1.03 1.27 .012 1.15 1.04 1.27 .007 
Traffic volume exposure 1.45 1.21 1.73 <.001 1.31 1.05 1.64 .019 1.35 1.05 1.74 .020 
Family social support for PA 1.27 1.11 1.45 <.001 1.25 1.10 1.43 .001 1.22 1.07 1.39 .003 
Aesthetics 1.54 1.12 2.13 .008 1.45 1.00 2.09 .050 1.53 1.02 2.27 .038 
Onsite aged care facility: Absent     1.00    1.00    
   Present     .66 .44 .98 .041 .69 .45 1.06 .090 
Operating fee ($10/week)     1.03 1.01 1.05 .017 1.03 1.01 1.05 .007 
Aesthetics     1.62 1.04 2.51 .031 1.52 .94 2.45 .086 
Distance relocated: Same/border suburb         1.00    
   Further         .65 .40 1.05 .079 
Village structure preference         1.38 .99 1.91 .055 
More transport walkingd             
Traffic volume exposure 1.46 1.13 1.88 .004 1.24 .94 1.63 .121 1.23 .94 1.61 .124 
Proximate destinations 1.71 1.32 2.22 <.001 1.66 1.33 2.08 <.001 1.65 1.31 2.09 <.001 
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Site area (m2): <75th percentile     1.00    1.00    
   ≥75th percentile     .73 .56 .96 .026 .74 .57 .97 .027 
Access to car: Always         1.00    
   Not always         2.04 1.02 4.09 .045 
More social participatione             
Age structure 1.01 1.00 1.02 .025 1.00 .99 1.01 .244 1.01 .99 1.02 .140 
Emotional social support 1.80 1.27 2.56 .001 1.80 1.28 2.53 .001 1.63 1.14 2.33 .008 
Fewer physical barriers 1.43 1.06 1.92 .018 1.37 1.02 1.83 .034 1.50 1.11 2.03 .008 
Amenities     1.11 1.02 1.22 .019 1.12 1.01 1.25 .039 
Safety from traffic     1.41 .99 1.98 .052 1.36 .94 1.97 .104 
Duration of village residency (years)         .94 .88 .99 .040 
Distance relocated: Same/border suburb         1.00    
   Further         .52 .27 1.01 .053 
Neighborhood amenity preference         1.91 1.30 2.81 .001 
Notes: All models adjusted for age, sex, physical functioning, sampling method, and clustering. OR=Odds Ratio. CI=Confidence Interval. 
MVPA=Moderate-to-Vigorous Physical Activity. PA=Physical Activity. 
a Defined as ≥150 minutes weekly MVPA. b Defined as ≥150 minutes weekly brisk walking. c Defined as ≥150 minutes weekly leisure walking. d 
Defined as ≥60 minutes weekly transport walking. e Defined as ≥75th percentile for social participation score. 
 
